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Abstract 
One of the universities responsibilities is to form a quality graduates who will be armed with the knowledge needed in industrial 
practice. In this context a constant improvement of teaching materials must be done in order to reflect the current needs of the 
industry. This paper presents a new approach for updating the content of the Industrial Engineering course as well as a new 
concept of teaching according to the principles of Constructivism theory. The main aim of the practical part of the course is to 
design layout of the industrial company with the help of computer modeling, for which we used an e-learning form. 
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1. Introduction 
After centuries of steam and plastics is the 21st century marked as a century of information technologies. At the 
current rate of information and communication technologies development, it is almost unthinkable for the company 
to maintain stable market position without them including various support software tools. This also applies to the 
field of industrial engineering. For the support of the majority of industrial engineering methods a highly advanced 
software products that help in meeting the challenges of industrial engineers are available today. Not only a 
summary of the software, but also the overall concept how to approach and work with data, are nowadays referred to 
as the concept of digital factory. 
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The comprehensive planning and operation approach of the digital factory has already become a central 
innovation issue in the automotive and aviation industry but also in other advanced and globalized sectors (Bracht, 
2005). 
The term is defined as follows: 
Digital factory is the generic term for a comprehensive network of digital models, methods and tools – including 
simulation and 3D visualization – integrated by a continuous data management system. 
Its aim is the holistic planning, evaluation and ongoing improvement of all the main structures, processes and 
resources of the real factory in conjunction with the product (VDI Richtlinien 4499, 2008). 
The focus of the digital factory is early production planning and design of the factory closely coordinated with all 
corporate processes. The main aim of the digital factory is to accelerate and improve production planning and to 
overlap it intensively in the sense of simultaneous engineering with product development. Digital factory has the 
ambition to cover whole product lifecycle management (PLM). Figure 1 shows possible application areas for the 
digital factory right up to the end of the product life.  
 
  
Fig. 1. Examples of application areas for the digital factory through PLM (VDI Richtlinien 4499, 2008) 
 
From these current trends, it is clear that even universities must respond to new demands of practice, where a 
clear need for engineers who can work and develop in conditions of modern production technologies can be seen. In 
this context a constant improvement of teaching materials must be done in order to reflect the current needs of the 
industry. That’s why we also decided to innovate the content and form of transferring knowledge to the students with 
regard to the requirements of practice. The main part of innovation was the practical part of the industrial 
engineering course. 
2. Methodology 
As we mentioned before one part of the innovation was the new approach to education of industrial engineering. 
Education on universities in Czech Republic is provided still in more traditional way. As described by Barbosa 
(Barbosa, 2012) the teaching methods are based on memorization and repetition, without students’ realization of the 
true meaning of the information. The prevailing thought is that the teacher has the knowledge and on the other hand 
the student knows nothing. This education can be seen as an act of depositing information in student´s memory. In 
this way students get proper education and information though, but they do not stay in theirs head for a long time 
and are very rapidly displaced by other information. 
More appropriate is the Constructivism approach or Constructivism theory. It is based on the idea that people 
construct their own knowledge through their personal experience. The effectiveness of Constructivism is that it 
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prepares students for problem solving in complex environment (Al-Huneidi, 2013). They are more active in building 
and creating knowledge based on their experience and interpretations. Teacher´s role is essential and important in 
learning process. He/she must act as a mentor and help students to interpret knowledge and guide them to refine their 
understanding and interpretations.  
The basic theories of Constructivism are summarized in Table 1. (Janjai, 2012)  
Table 1. Learning activities designed by using theories of constructivism. 
Principle of learning Learning activities 
1. Construction of new knowledge 1. Request the students to describe their background experience on the 
subject to be learned. Encourage the students to propose the method for 
learning new knowledge according to their interest and competency. 
2. Authentic learning 2. Let the students face real situations, such as problems in the classroom. 
3. Activity-based approach 3. Request the students to construct the knowledge by themselves from 
various activities such as the study from documents, survey, interview and 
experiments. 
4. Group process and member interaction 4. Assign the students to work together as groups, each of which has 4-6 
students. Each member of the group has a specific role and mission. The 
outcome of the work was evaluated by all members of the group. 
5. Request students to use the rule of PDCA (Plan, Do, Check, Act) to 
control their work to achieve the goal. 
 
The second part of the innovation was hidden in new materials for the education of industrial engineering. In the 
line with current trends, we tried to approach to the teaching with interactive form. E-books were found out to be a 
suitable tool for ICT education, where different kinds of multimedia support are easily to be visualized (animation, 
videos, case studies, etc.).  Regarding this fact we have already several years ago approached to the development of 
our own software environment for creating e-books. This environment called ProAuthor is an author’s system, a tool 
for the electronic online courses creation that are placed in specific output format on the learning management 
systems. Other form of the output from this author’s system may be offline multimedia electronic textbooks – e-
books.  
3. Results 
3.1. New concept of the course 
With Constructivism theory in mind we approached to the development of an innovated course. “Industrial 
engineering” is a compulsory course in Mechanical Engineering study program at University of West bohemia. This 
program is a bachelor type of study and can be passed in both full-time and combined form of study.  The aim of the 
Industrial Engineering course is to familiarize students with the causes of the historical development of industrial 
engineering, with basic areas of industrial engineering in industrial practice and to equip them with the skills to use 
basic methods and tools of industrial engineering (from individual processes to the entire management system). The 
practical part of the course is now focused on project based learning activities where constructivism characteristics 
are applied. The duration of practical part is 13 weeks and the main goal is to complete assigned project which is 
focused on spatial arrangement of the production. One of the digital factory software was chosen for design and 
evaluation of student’s spatial arrangement proposals (layouts). Students work can be divided into 3 parts. 
Part 1: Creation of the project teams and familiarization with software VisTable (3 weeks duration) 
Students form individual project teams consisting of maximally 4 students. Working in groups allows students to 
exchange their ideas and express their experience, thus enhancing their knowledge. Social interaction is an essential 
source for constructing the new knowledge (Janjai, 2012). In this first part students are familiarized with 
calculations that are needed for optimal spatial arrangement. They obtain a unique submission of products that need 
to be produced in their factory, individual produced quantities, manufacturing technologies, expected earnings etc. 
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On this submission they apply mentioned calculations and receive concrete data for future spatial arrangement. 
Finally in the first part they are confronted with VisTable software and learn how to use it for layout proposal.  
Part 2: Elaboration of practical projects (7 weeks duration) 
In the second part will students in collaboration with team members propose and design concrete spatial 
arrangement from their submission. With all the knowledge that they obtained already in the first part they will now 
work individually on their projects. Of course a teacher is all the time at their disposal for questions and 
confrontation of their proposals. All this time the teacher act as a facilitator or mentor. He will guide the students, 
provide them with feedback and correct any mistakes that may appear during project solving. Also a set of e-books 
were developed for the students that obtain all the information they need to complete the project (Kurkin, 2011), 
(Bures, 2012), (Miller, 2013). The content of these e-books is mentioned later. 
Part 3: Projects presentation, evaluation and knowledge transfer (3 weeks duration) 
The last part will serve for knowledge transfer between the students. In the last 3 weeks students will present 
their practical project during which the collaborative learning and assessment among students will be promoted. The 
teams of students will receive comments from other students and also can benefit from solutions presented by 
others. The lector acts again as a moderator of discussions, corrects the students’ thoughts and ideas and explains 
potential mistakes. The evaluation of students’ activity and ability will be performed by traditional assessment. The 
teacher evaluates students’ activity in the course, participation, team work, and fulfilment of practical project. Final 
assessment will be done at final exam which will be a combination of results from practical project and written test. 
3.2. Education with the help of interactive tools 
New e-books have been developed to help students in solving their practical projects. E-books are great for 
education of IT topics. You have the opportunity to use commented or not commented videos, animations describing 
real examples or screen capture videos which describes how to work with the software. E-books are also good tool 
for students studying in combined form of study who lack time for spending at university. After self-study phase 
with these e-books, students will have a lecture on the spot with the teacher where they can ask questions and go 
deep into the problematic. 
Animations are suitable for easy explanation of the problem that's why we chose to use then in our e-books. A set 
of basic animations was developed. These animations help students with basic operation of the software used for 
practical project. Animations show for example how to: 
x navigate in the software, 
x use library to insert new objects, 
x manipulate new objects and change their attributes, 
x create a transportation network, 
x create a material flow or 
x create new objects. 
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Fig. 2. Animations – (a) use library to insert new objects; (b) create new objects. 
Great help when building new course with Constructivism theory is hidden in case studies. These practical 
examples can be used as a basis for theoretical reflection and also promote active postures in students. Already 
several surveys marked the contributions of case studies (Eroglu et. al., 2013) and that’s why we included them also 
in our e-books. Those case studies were focused on work with VisTable software. The purpose of our case studies 
was to explain and describe basic topics that students need to master before they are able to complete the practical 
project. We created three basic case studies. 
Creation of the classroom 
This is an interactive concept of the study where students create a model of the room in which the course takes 
place. They have the opportunity to directly compare the extent to which a layout can be realistic. Students must 
take all diameters by themselves and then draw the layout. They have also the opportunity to use laser meter for 
diameters measurement. The entire case study is very detailed and describes every step of classroom model creation. 
Creating 1st material flow 
This is already an advanced study. It points out the way how to proceed during creation of a new material flow. 
Students obtain a basic layout of a production company into which they enter the material flows and perform an 
assessment of the spatial arrangement. 
Production optimization 
In this case study a previous layout is modified. New technologies are being bought to the company so the 
production has changed little bit. First goal that students have is to replace old machines and workplaces for the new 
ones. The second task is to evaluated the updated spatial arrangement and propose changes in order to reduce the 
amount of manipulation and transport of the goods. New layout is designed, verified and visualized. This is the last 
task. 
 
 
 
 
 
 
 
 
 
 
 
 
3418   Antonin Miller and Marek Bures /  Procedia - Social and Behavioral Sciences  174 ( 2015 )  3413 – 3419 
 
 
Fig. 3. An example of case studies – (a) model of classroom; (b) modified model of the production company. 
4. Conclusion 
The paper summarized motives and reasons that led to the development of innovated course focused on industrial 
engineering topic. One of the main reasons was to improve already existing course and make it more students 
friendly. The content of the current course was reformed, so both the content and the teaching form would be more 
effective. The new concept of the teaching was developed according to the Constructivism theories. In the future 
course the students will be more independent. They will be evaluated on the basis of practical project elaboration. 
Not only the concept but also the study materials were improved. Students now have the opportunity to study from 
interactive e-books with various multimedia components such as videos, animations, case studies etc. With these 
multimedia components the major pitfalls that may await students during their studies are illustrated. 
The proposed and innovated course will be implemented in the study program from February 2015. During this 
pilot run the students’ satisfaction with the new course will be evaluated. The intent is to divide students in two 
groups. One group will be taught by the old manner, the other one by the new manner. The work of both groups will 
be monitored closely during the whole semester and at the end the evaluation of theirs satisfaction will be done by 
questionnaire. The results will be evaluated together with students study results. After this pilot action there will be 
an actual proof of the new course eligibility.  
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